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(57) There is provided a nr»achining control system 
which is capable of keeping the optimum machining 
states and enhancing the efficiency and the reliability 
even in the case where an actual machining environ- 
ment fluctuates. A machining control system includes a 
machining information determination portion (102) for 
detemrilning initial machining conditions ( 1 07) on the ba- 
sis of information (1 05) stored in a machining data base 
(101) and in accordance with adaptive control charac- 
teristics (106) defined by adaptive control modes and 
adaptive control parameters, and an adaptive control 
portion (103) for controlling the machining in appropriate 
states by changing the machining conditions in accord- 
ance with the machining states observed during the ma- 
chining with the initial machining conditions (107) as an 
initial value of the machining conditions. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is based on Application No. 
2000-065279, filed in Japan on March 9. 2000, the con- 
tents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a machining control 
system for controlling machining slate(s) of machine 
tools and. more particularly, to a machining control sys- 
tem made up of numerical controllers (NCs) which has 
functions of automatically detemnining machining con- 
ditions or automatic programming systems , or machin- 
ing control systems made up of the combination of pro- 
gramming devices such as CAMs with numerical con- 
trollers. 

[0003] In machining, it is not easy to determine the 
machining conditions such that the efficiency is high, the 
precision is high and no abnormality occurs because a 
targe number of factors such as tools, workpieces to be 
machined (hereinafter referred to as workpieces), ma- 
chines and coolants are complicatedly related to each 
other. For that reason, up to now, the machining condi- 
tions have been automatically determined by the follow- 
ing main two approaches. 

[0004] One of those approaches is directed to a ma- 
chining condition determining system disclosed in Jap- 
anese Patent Publication No. 7-41516 (refer to Fig. 13). 
Japanese Patent Laid-Open No. 2-218538. Japanese 
Patent Laid-Open No. 10-86039, Japanese Patent Laid- 
Open No. 3-431 32, and the like. This system mathemat- 
ically represents and retains the knowledge of skilled 
men for determining the machining condition in accord- 
ance with various factors such as the toot and the work- 
piece which influence the machining so as to automati- 
cally determine the machining conditions. Further it is 
general to provide a mechanism for additionally learning 
the knowledge for determining the machining condition. 
In this approach, the knowledge is normally acquired by 
the learning in an off-line manner, and this approach is 
mainly applied to CAD/CAM, an automatically program- 
ming system, or the like. In the following description, the 
approach of this type is called "first approach". 
[0005] Another approach is directed to an adaptive 
control system disclosed in Japanese Patent Laid-Open 
No. 62-292347 (refer to Fig. 14), Japanese Patent Laid- 
Open No. 2-218538, Japanese Patent Laid-Open No. 
6-8106, and the like. In this system, the machining 
states are monitored on the basis of signals obtained by 
sensors or the like and the machining conditions are 
changed in such a manner that an objective function is 
optimized while keeping given constraints, to thereby 
control the machining in an appropriate state. This ap- 
proach changes the machining conditions at a real time 
in accordance with the actual machining states, and is 



mainly applied to the numerical controller or the like. In 
the following description, the approach of this type is 
called "second approach". 

[0006] Those conventional systems will be comple- 

5 mentarily described in more detail. Fig. 13 is a block di- 
agram showing the structure of conventional system us- 
ing the first approach (disclosed in Japanese Patent 
Publication No. 7-41516) among the above convention- 
al approaches. In the figure, reference numerals 5 and 

10 11 denote a spindle motor and a grinding motor which 
are to be controlled, respectively. Reference numeral 1 4 
denotes a first RAM in which data related to the shape 
and material of the spindle (workpiece), etc., and data 
related to the tool and the machining method are stored. 

15 Reference numeral 15 denotes a second RAM for stor- 
ing standard machining data which are set therein, 16 
is an automatic machining condition setting circuit for 
automatically setting the machining condition on the ba- 
sis of the data stored in the first and second RAMs, 18 

^0 is a CRT for displaying the machining condition which 
is automatically set, and 12 is a keyboard used in the 
case where an operator judges thai the machining con- 
dition displayed on the CRT 1 8 is improper and corrects 
the machining condition. Further, in the figure, a portion 

^5 "a" surrounded by a phantom line is means for storing 
a corrected rate as the coefficient every time when the 
operator corrects the machining condition and automat- 
ically correcting the machining condition by using the 
data in the next machining 

30 [0007] The operation of the conventional system 
shown in Fig. 13 will be described in brief. In the auto- 
matic machining condition setting circuit 16, the machin- 
ing condition is automatically determined on the basis 
of the data retained in the first and second RAMs, and 

35 if a correction is necessary, the operator conducts the 
correction. In addition, when the correction has been 
conducted, the rate of the correction is retained as the 
coefficient, and the coefficient is used to conduct the au- 
tomatic correction in the next machining. 

40 [0008] Further. Fig. 14 is a block diagram showing the 
structure of a conventional system using the second ap- 
proach (disclosed in Japanese Patent Laid-Open No. 
62-292347) among the above conventional approach- 
es. In the figure, reference numeral 40 denotes machin- 
es ing load detecting means for detecting a machining load, 
41 is standard machining load deriving means tor sam- 
pling an output of the machining load detecting means 
40 at the time of a model machining using a reference 
tool to derive the standard machining load on the basis 

50 of the sampled output, and 42 is machining condition 
setting means for setting the machining condition at the 
time of actual machining using a tool similar to the ref- 
erence tool. Reference numeral 43 denotes target load 
calculating means for calculating a target load on the 

55 basis of the standard machining load derived by the 
standard machining load deriving means 41 and the ma- 
chining condition at the time of actual machining which 
is set by the machining condition setting means 42, and 
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44 is feed rate control means for increasing or decreas- 
ing a feed rate such that the machining load detected 
by the machining load detecting means 40 at the time 
of actual machining becomes the target load calculated 
by the target load calculating means 43. 5 
[0009] The operation of the conventional system 
shown in Fig. 14 will be described below. The model ma- 
chining is conducted on only the reference tooL and the 
machining load at the time of the model machining is 
delected by the machining load delecting means 40.. 
and the standard machining load deriving means 41 de- 
rives the standard machining load on the basis of the 
machining load thus detected. In the actual machining 
time, the target toad calculating means 43 is actuated 
and calculates the target load on the basis of the ma- 
chining condition at the time of actual machining which 
is set by the machining condition setting means 42 and 
the reference machining load derived at the lime of mod- 
el machining. The feed rale control means 44 compares 
the target load thus calculated with the actual machining 
load detected by the machining load detecting means 
40 to change the feed rate such that the detected actual 
load approaches the calculated target load. 
[0010] The conventional first approach is made pro- 
vided that rules or models which determines the machin- 
ing condition on the basis of the factors that basically 
influence the machining is identical with the actual ma- 
chining environment and a fluctuation of the actual ma- 
chining environment is sufficiently small. However the 
above provision is hardly satisfied for the following rea- 
sons. 

[0011] In general, in the machining, there are many 
indefinite elements because the phenomenon is physi- 
cally unclear the phenomenon occurs only stochastical- 
ly, the much labor is required for making models, and 
the like. For example, in cast materiaL there has been 
known that the variation of hardness by several tens % 
cannot be prevented due to the metal composition, the 
heat flow condition and the like at the time of manufac- 
turing a cast. Similarly, In the tooL there has been known 
that the sharpness of the tool is varied by several tens 
% depending on the metal composition, the coating 
stale, the grinding precision and the like even if the tool 
of the same model number is used. In the workpieces 
or the toots which are manufactured at the same time, 
that is, of the same lot^ the variation is somewhat im- 
proved, but the slight variation cannot be prevented. 
There are many elements to be difficult to estimate such 
as not only the variation of the workpiece and the tool 
but also chip jamming, chipping, the state of coolant or 
the like, which suddenly occurs during machining. 
[0012] Therefore, in the conventional first approach, 
in order to prevent the abnormality from occurring even 
if the unexpected phenomena occur the sufficiently safe 
machining condition must be set, to thereby increase the 
loss, as a result of which the efficiency is lowered- 
[0013] On the other hand, the conventional second 
approach may be insufficient from the viewpoint of the 



efficiency and the reliability although it can cope with the 
variation of the machining environment to some degree.. 
That is. because a delay of detection and control always 
exists in the adaptive control, there is the possibility that 
it takes long time to reach the optimum state or that the 
abnormality may occur until reaching the optimum state, 
depending on the initial machining condition. In particu- 
lar this leads to problems in the high speed machining 
which has been diffusing in recent years. For example, 
in a drilling process using a drill, there is a case where 
it does not take 0.1 seconds to drill one hole, which is 
not sufficiently long as compared with a normal delay 
(several tens msec.) of control in the adaptive control. 
That is, there is the possibility that the state does not 
reach the optimum state. As described above, since a 
delay occurs in the adaptive control, if the initial machin- 
ing conditions are improper, there arises a problem from 
the viewpoint of reliability. Further, there arises such a 
problem in that it is difficult to estimate the tact time as 
a problem inherent to the adaptive control. This is a rea- 
son for that the second approach is not applied to the 
mass production line. 

[0014] The above problems are caused by the sepa- 
ration of the determination of the machining conditions 
at the machining information detemninatlon stage from 
the adjustment of the machining conditions at the adap- 
tive control stage. That is, the problems reside in that 
the former does not take the actual machining environ- 
ment and the adaptive control manner Into considera- 
tion, and the latter only faithfully keeps to the given con- 
dition (the machining conditions and the control param- 
eters). 

SUMMARY OF THE INVENTION 

[0015] The present invention has been made in order 
to solve the above problem, and therefore an object of 
the present invention is to provide a machining control 
system which balancedly combines the determination 
of the machining conditions at a machining information 
detemnination stage with the adjustment of the machin- 
ing conditions at an adaptive control stage, thereby be- 
ing capable of keeping the optimum machining state and 
enhancing the efficiency and the reliability even in the 
case where an actual machining environment fluctu- 
ates. 

[001 6] With the above objecl(s) in view, the machining 
control system of the present invention comprises a ma- 
chining data base for storing information necessary for 
detemnining initial machining conditions, machining in- 
formation determining means for obtaining the initial 
machining conditions on the basis of the information 
stored in the machining data base and in accordance 
with adaptive control characteristics defined by adaptive 
control modes and adaptive control parameters and 
adaptive control means for controlling the machining in 
appropriate states by changing the machining condi- 
tions in accordance with the machining states observed 
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during the machining with the initial machining condition 
as initial value of the machining conditions. 
[0017] The machining data base may store therein in- 
formation on tool characteristics, workpiece character- 
istics, relational expression of the machining states to 
the tool characteristics/the workpiece characteristics 
and the machining conditions, standard machining con- 
ditions and machining state target values. 
[0018] In the case where there are a plurality of se- 
lectable adaptive control characteristics, the machining 
infomiation determining means may select the adaptive 
control characteristics such that any one of a machining 
period of time, a shape error an abnormality occurrence 
rate and a tool wear amount becomes minimum among 
the plurality of adaptive control characteristics, and de- 
termines the initial machining conditions suitable lor the 
adaptive control characteristics selected. 
[0019] The adaptive control means may analyze at 
least one of the tool characlerislics and the workpiece 
characteristics on the basis of the machining states that 
are observed through the machining and the machining 
condition, and updates at least one of the informations 
of the tool characteristics and the workpiece character- 
istics which are retained in the machining data base. 
[0020] The machining data base may be structured 
by characteristics inherent to the tools and the workpiec- 
es now used, characteristics common to the tools and 
the workpieces of the same lots as those of the tools 
and the workpieces now used, and characteristics com- 
mon to all of the tools and the workpieces of the same 
kinds of the tool and the workpiece now used. 
[0021] In the case where the machining is conducted 
first after the tool has been exchanged, the machining 
information detennining means may obtain the machin- 
ing conditions such that the expected machining states 
do not exceed machining state target values taking the 
characteristics common to the tools of the same lot or 
the same kind and variations in the characteristics of the 
tools into consideration which are stored in the machin- 
ing data base, and the machining conditions are deter- 
mined as the initial machining condition. 
[0022] In the case where the machining is conducted 
first after the workpiece has been exchanged, the ma- 
chining information detemnining means may obtain the 
machining conditions such that the expected machining 
states do not exceed machining state target values tak- 
ing the characteristics common to the workpieces of the 
same lot or the same kind and a variation in the charac- 
teristics of the workpieces into consideration which are 
stored in the machining data base, and the machining 
conditions are determined as the initial machining con- 
dition. 

[0023] The adaptive control means may judge that the 
abnormality occurs if the tool characteristics and the 
workpiece characteristics which are referred to in deter- 
mination of the machining conditions in the machining 
information determining means are largely different 
from the toot characteristics and the workpiece charac- 



teristics which are analyzed in the adaptive control 
means, respectively, and updates at least one of the in- 
formation of the tool characteristics and the workpiece 
characteristics with respect to the machining data base, 
5 and the machining information detennining means re- 
determines the adaptive control characteristics and the 
machining conditions to prevent the abnomnality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0024] The present invention will become more read- 
ily apparent from the following detailed description of the 
preferred embodiments of the present invention taken 
in conjunction with the accompanying drawings, in 
^5 which: 

[0025] Fig. 1 is a block diagram showing the structure 
of a machining control system tn accordance with a first 
embodiment of the present invention; 
[0026] Fig. 2 is a diagram showing an example of a 
20 machining data base in the machining control system in 
accordance with the first embodiment of the present in- 
vention; 

[0027] Fig. 3 is a diagram showing an example of the 
adaptive control characteristics in the machining control 
25 system in accordance with the first embodiment of the 
present invention; 

[0028] Fig. 4 is a flowchart showing the determining 
operation of initial machining conditions by a machining 
information detemnination portion in the machining con- 
30 trol system in accordance with the first embodiment of 
the present invention; 

[0029] Fig. 5 is a block diagram showing the structure 

of a machining control system in accordance with a sec- 
ond embodiment of the present invention; 
35 [0030] Fig. 6 is a diagram showing an example in 
which there are a plurality of selectable adaptive control 
characteristics in the machining control system in ac- 
cordance with the second embodiment of the present 
invention; 

40 [0031] Fig. 7 is a flowchart showing the operation of 
selecting the optimum candidate from the plurality of se- 
lectable adaptive control characteristics by a machining 
information determination portion in the machining con- 
trol system in accordance with the second embodiment 

^5 of the present invention; 

[0032] Fig. 8 is a graph showing the result of a process 
that estimates a machining period of lime taking the es- 
timated state of load into consideration in order to select 
the optimum candidate by the machining information de- 

50 termination portion in the machining control system in 
accordance with the second embodiment of the present 
invention; 

[0033] Fig. 9 is a block diagram showing the structure 
of a machining control system in accordance with a third 
55 embodiment of the present invention; 

[0034] Fig. 1 0 is a diagram showing an example of the 
data base structured in a machining control system in 
accordance with a fourth embodiment of the present in- 
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ventlon; 

[0035] Fig. 11 is a block diagram showing the struc- 
ture of a machining control system in accordance with 
a fifth embodiment of the present invention: 
[0036] Fig. 12 is a block diagram showing the struc- 
ture of a machining control system in accordance with 
a seventh embodiment of the present invention; 
[0037] Fig. 13 is a diagram showing the structure of a 
conventional machining condition detenmining system; 
and 

[0038] Fig. 14 is a diagram showing the structure of a 
conventional adaptive control system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIRST EMBODIMENT 

[0039] Fig. 1 Is a block diagram showing the structure 
of a machining control system in accordance with a first 
embodiment of the present invention. In the figure, ref- 
erence numeral 101 denotes a machining data base In 
which various Information required to determine the ma- 
chining conditions Is stored, 102 is a machining Infor- 
mation determination portion (machining information 
deten-nining means) for determining an initial machining 
condition on the basis of the information stored in the 
machining data base 101 and adaptive control charac- 
teristics set in an adaptive control portion 103, 103 is 
the adaptive control portion (adaptive control means) for 
controlling the machining in an appropriate state by set- 
ting the initial machining conditions delemiined by the 
machining information determination portion 102 to ini- 
tial values of the machining condition and by changing 
the machining conditions in accordance with machining 
states observed during the machining, and 104 is a ma- 
chine tool to be controlled. Further, reference numeral 
105 denotes information on tool characteristics, work- 
piece characteristics, relational expressions of the ma- 
chining states with respect to the tool characteristics / 
the workpiece characteristics and the machining condi- 
tions, standard machining conditions and machining 
state target values, which are stored in the machining 
data base 101, 106 is adaptive control characteristics 
outputted from the adaptive control portion 1 03 to the 
machining infomnation determination portion 102, 1 07 is 
initial machining conditions determined by the machin- 
ing information detennination portion 1 02, 1 08 is control 
commands outputted from the adaptive control portion 
1 03, and 1 09 is feedback signals outputted from the ma- 
chine tool 104. 

[0040] There is stored in the machining data base 
101 , the information 105 on the tool characteristics, the 
workpiece characteristics, the relational expressions of 
the machining states with respect to the tool character- 
istics/ the workpiece characteristics and the machining 
conditions, the standard machining conditions and the 
machining state target values. The machining infomna- 



tion determination portion 1 02 detemnlnes the initial ma- 
chining conditions 107 in accordance with the informa- 
tion 1 06 on the tool characteristics, the workpiece char- 
acteristics, the relational expressions of the machining 

5 states with respect to the tool characteristics/the work- 
piece characteristics and the machining conditions, the 
standard machining conditions and the machining state 
target values which are acquired from the machining da- 
ta base 1 01 and the adaptive control characteristics 1 06 

10 acquired from the adaptive control portion 103. 

[0041 ] In this specification, the machining condition is 
directed to a feed rate, a spindle rotation speed, a feed 
pattern (in the drilling process, a drill cycle during which 
a drill is fed to a hole bottom once , a pecking cycle during 

15 which the drill is fed to the hole bottom through several 
reciprocation, or the like), or parameters for adaptive 
control (the machining state target values or the like). 
[0042] The adaptive control portion 103 uses the ini- 
tial machining conditions 1 07 as the machining condi- 

20 tions initially (or in the initial state), and thereafter (dur- 
ing the machining), recognizes the machining states on 
the basis of control commands 108 which are transmit- 
ted to the machine tool 1 04, feedback signals 1 09 such 
as loads which are obtained from the machine too! 104 

25 or signals from other sensors (not shown), or the like, 
and transmits the control commands 108 for retaining 
the machining in an appropriate states to the machine 
tool 104 by changing the machining conditions in ac- 
cordance with the machining states. The recognition of 

30 the machining states is made by using the known tech- 
nique disclosed in. for example. Japanese Patent Laid- 
Open No. 9-6432. 

[0043] Fig. 2 shows an example of the machining data 
base 101. In the machining data base 101 are stored 

35 machining characteristics (df, dd, K), workpiece charac- 
teristics (H), the relational expressions (G()) of the ma- 
chining states with respect to the tool characteristics / 
the workpiece characteristics and the machining condi- 
tions, machining state target values (Topt) and standard 

40 machining conditions (Fo, So). The tool characteristics 
are stored for each of the tools, the workpiece charac- 
teristics are stored for each of the workpieces, and other 
information is stored for each of the combinations of the 
tool with the workpiece. The relational expression G is 

45 represented as follows, for example, in case of the 
torque in the tool rotating direction during the drilling 
process. 

so G(H,K,f.df,D.dd)= H.K(fAdf+D^d) (1) 

where f is a feed per revolution, D is a diameter of the 
drill, and H is a hardness of the workpiece. Further, mark 
(^) is adaptive such that x ^ y represents xv. K, df and 
55 dd simply denote coefficients, respectively, and specif- 
ically, K is a coefficient indicative of the cutting property 
of the tool, df is a coefficient indicative of the relation 
between the feed f and the load, and dd is a coefficient 
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indicative of the relation between the tool diameter d and 
the toad. 

[0044] Fig. 3 shows an example of the adaptive con- 
trol characteristics 106. In the figure, as the adaptive 
control characteristic, "feed rate adaptive control" is val- s 
id (on) , and "autonomous (adaptive) pecking at the time 
of chip jamming" is invalid (off). The adaptive control 
characteristics 106 indicate whether the adaptive con- 
trol are conducted, or how the processing are addition- 
ally conducted, or not. The adaptive control character- 
istics 106 are defined by adaptive control modes and 
adaptive control parameters. The adaptive control char- 
acteristics 106 are inputted to the adaptive control por- 
tion 1 03 by an operator in advance before the machining 
control system is activated. 

[0045] Subsequently, the operation will be described. 
Fig. 4 is a flowchart showing an example of a method of 
detemriining the initial machining conditions 107 (in this 
example, the feed rate, the load target value as the ma- 
chining state target value and the feed pattern) in the 
machining information determination portion 102 in 
case of the drilling process. In this example, the load is 
used as the machining state. First, in a step ST101 , a 
standard feed rate Fq and a spindle rotation speed Sq 
are set as the feed rate and spindle rotation speed re- 
spectively. Both of Fq and Sq are acquired from the ma- 
chining data base 101. Alternatively, the feed rate Fq 
may be obtained by using the load target value Topt ac- 
quired from the machining data base 101 as the follow- 
ing expressions (2) and (3). 

Fq = f X (2) 



F = {Topt/(H.K)-D^dd)'^(1/df) (3) 

[0046] Then, in a step ST102, it is checked whether 
the feed rate adaptive control is on, or not, which is the 
adaptive control characteristic 1 06, and if It is true (on), 
the load is maintained to the load target value by adjust- 
ing the feed rate by the adaptive control portion 1 03 
even in the situation where the load may be unexpect- 
edly large. Therefore, the feed rate detemilned in the 
step ST101 is adopted as It is as the initial machining 
condition related to the teed rate, and further in a step 
ST104, the load target value Topt to be maintained is 
acquired from the machining data base 1 01 and set. On 
the other hand, if the feed rate adaptive control is false 
(off) in the step ST102, because there is a risk that the 
load becomes unexpectedly large, the adaptive control 
portion 103 decreases the feed rate to be lower than the 
feed rate determined in the step ST101 , taking a given 
safety factor into consideration, and sets the feed rate 
thus decreased as the initial machining condition related 
to the feed rate. 

[0047] Then, it is checked in a step ST105 whether it 



is a deep hole, or not. The check of whether it is a deep 
hole or not is conducted by checking whether the ratio 
of the depth of the hole to be machined to the diameter 
thereof exceeds a given value (for example, about 3), 
or not. In case of the deep hole, the control is advanced 
to a step ST106, whereas in case of no deep hole, the 
control is advanced to a step ST107. where a drill cycle 
is selected as the initial machining condition related to 
the feed pattern. In the step ST106, it is checked wheth- 
er the autonomous (adaptive) pecking at the time of the 
chip jamming is on, or not, which is the adaptive control 
characteristic 106, and if the autonomous (adaptive) 
pecking is true (on), the control is advanced to the step 
ST107, where since the pecking operation is automati- 
cally conducted at a necessary portion In the adaptive 
control portion 1 03, the drill cycle is selected as the initial 
machining condition related to the feed pattern. On the 
other hand, if the autonomous (adaptive) pecking is 
false (off) in the step ST 106, the control is advanced to 
a step ST108 where since there is the possibility that 
the chip jamming occurs, the pecking cycle is selected 
as the initial machining condition related to the feed pat- 
tern. 

[0048] As described above, according to the present 
invention, the machining information determination por- 
tion 102 determines the appropriate initial machining 
condition (the feed rate and the feed pattern) in accord- 
ance with the infomiation stored in the machining data 
base and the adaptive control characteristic 106, and 
the adaptive control portion 103 starts the machining 
with the determined initial machining condition as the 
initial value of the machining condition, and changes the 
machining condition In accordance with the machining 
state observed during the machining. Thus, the machin- 
ing can be controlled to the appropriate state. As a re- 
sult, because the initial machining condition can be de- 
termined to the conceivably optimum condition, the loss 
Is low and the efficiency is Improved. Further, because 
the initial machining condition is optimum, the normal 
control delay time of the adaptive control can be remark- 
ably reduced as compared with a case in which an im- 
proper (different) initial machining condition is selected, 
thereby being capable of improving the reliability. 
[0049] In the above description, the relational expres- 
sion (G()) of the machining state with respect to the tool 
characteristics/the workpiece characteristics and the 
machining conditions, and the machining state target 
values (Topt) are stored for each of the combinations of 
the tools with the workpieces. However, for example, 
they may be simplified for each of the tools if the Influ- 
ence of the workpieces is small. On the contrary, if the 
influence of the tools is small, they may be simplified for 
each of the workpieces. In those cases, a memory size 
necessary within the machining data base 101 is small, 
and the calculation is also simplified. 
[0050] In the above description, the adaptive control 
characteristic 1 06 is acquired from adaptive control por- 
tion 103. Alternatively, the adaptive control characteris- 
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lies 106 may be acquired from the adaptive control por- 
tion 103 before the machining information is determined 
by the machining information determination portion 102 
and retained in a memory (not shown) within the ma- 
chining information determination portion 102, and the 
Information within the memory may be referred to at the 
time of determining the machining information. In this 
case, since a period of time (for example, a communi- 
cation period of time) necessary to acquire the adaptive 
control characteristics 106 from the adaptive control 
portion 103 is deleted, a higher machining information 
determination Is enabled. 

[0051 ] In addition, if the response of the adaptive con- 
trol (for example, 50 ms), the sensitivity of the adaptive 
control (for example, the load of ION or more can be 
observed), and the like, are stored in the adaptive con- 
trol portion 103 as the adaptive control characteristics 
106, and the machining information determination por- 
tion 102 refers to the above infonnalion and strictly de- 
termines the machining conditions, the efficiency and 
the reliability are further improved. 

SECOND EMBODIMENT 

[0052] Fig. 5 is a block diagram showing the structure 
of a machining control system in accordance with a sec- 
ond embodiment of the present invention. In the figure, 
reference numeral 201 denotes an adaptive control 
characteristics. Since other structural elements are 
identical with those shown in Fig. 1 , they are designated 
by the like references, and their description will be omit- 
ted. The machining information determination portion 
102 determines the adaptive control characteristics in a 
method which will be described later and gives com- 
mands to the adaptive control portion 103 if there are a 
plurality of selectable adaptive control characteristics. 
[0053] Fig. 6 shows an example in which there are a 
plurality of selectable adaptive control characteristics 
201 . In the example shown in the figure, there are se- 
lectable four candidates 1 to 4 in total (reference numer- 
als 2011 to 2014) including the combination of cases 
where the feed rate adaptive control is off and on, and 
cases where the autonomous (adaptive) pecking is off 
and on. 

[0054] Fig. 7 is a flowchart showing a method in which 
the machining inf omiation determination portion 1 02 se- 
lects the optimum candidate among the selectable plu- 
ral candidates from the viewpoint of the machining pe- 
riod of time. First, in a step ST201 , one candidate of the 
adaptive control characteristics is selected (for exam- 
ple, candidate 1). Then, in a step ST202, the initial ma- 
chining conditions are determined by, for example, a 
method described in the above first embodiment. Then, 
in a step ST203, a machining period of time is estimated 
taking the estimated state of load into consideration. 
This method will be described in more detail later. In ad- 
dition, in a step ST204, it is recognized whether the 
check of all candidates of the adaptive control charac- 



teristics is completed, or not, and if completed, the con- 
trot is advanced to a step ST206, whereas if not com- 
pleted, the control is advanced to a step ST205. After 
the next candidate of adaptive control characteristics 
5 has been selected, the control is returned to the step 
ST202. In the step ST206, the adaptive control charac- 
teristics shortest in the machining period of time are se- 
lected. 

[0055] Now, the process in the step ST203 will be de- 

10 scribed in more detail. In this step, the adaptive control 
behaviour is estimated through simulation, and the re- 
quired machining period of time is estimated. For that 
reason, first, a load Tq occurring at a time to is estimated 
from the initial machining condition, the relational ex- 

'5 pression (G()) of the machining states with respect to 
the tool characteristics / the workpiece characteristics 
and the machining conditions, and the machining state 
target values (Topt). On the contrary, if the adaptive con- 
trol is on, the adaptive control behavior is simulated, and 

20 machining conditions at a next time t-, and a load T-j cor- 
responding to the machining conditions are estimated. 
This operation is repeated until ail of the machining proc- 
esses are completed. Assuming that a time at which all 
of the machining processes are completed t,^, the ma- 

25 chining period of time presumed through the simulation 
Is given as t|^ - t^. 

[0056] In the estimate of the load, If the phenomenon 
that the load becomes higher (occurrence of the chip 
jamming) as the hole becomes deeper can be modeled 

30 in advance, the model is stored as the tool characteris- 
tics or the workpiece characteristics in the machining 
data base, and the simulation is conducted with refer- 
ence to the stored characteristics, thereby being capa- 
ble of expecting a more accurate judgement. 

35 [0057] Fig. 8 shows an example of the process result 
in the step ST203. In the figure, a lower figure shows a 
feed rate whereas an upper figure shows a load at that 
time. In the figure, in case of the candidate 1 , since all 
of the adaptive controls are off, a lower initial feed rate 

40 such that the load does not exceed the load target value 
is selected, and the machining is conducted at a con- 
stant speed as It is. The load at that time increases with 
the chip jamming as a time elapsed (as the tool ap- 
proaches the hole bonom). In this case, it takes a ma- 

45 chining period of time of 2.5 seconds. On the other hand, 
in case of the candidate 2, since the adaptive control of 
the feed rate is on, a higher initial feed rate Is given in 
advance, and the feed rate decreases as the tool ap- 
proaches the hole bottom, to thereby prevent the load 

50 from increasing. In this case, it takes the machining pe- 
riod of time of 1 second. Therefore, in this case, the can- 
didate 2 is selected between the candidates 1 and 2. 
The same process is applied to other candidates 3 and 
4. 

55 [0058] As described above, according to this embod- 
iment, in the case where there are a plurality of selecta- 
ble adaptive control characteristics, the machining infor- 
mation determination portion 1 02 selects the adaptive 
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control characteristics such that any one of the machin- 
ing period of time, a shape error, an abnormality occur- 
rence rate and a tool wear amount becomes minimum 
among the plurality of adaptive control characteristics 
and detemiines the initial machining conditions suitable 
for the detemnined adaptive control characteristics. 
Therefore^ when both of the optimum adaptive control 
characteristics and the initial machining conditions are 
detemriined, the efficiency and the reliability can be fur- 
ther improved. 

[0059] In the above description, the optimum candi- 
date is selected from the viewpoint of the machining pe- 
riod of lime. Alternatively,, in the step ST203, the shape 
error, the abnormality occurrence rate and the tool wear 
amount may be estimated, and in the step ST206, the 
candidate smallest in those values is selected, thereby 
being capable of minimizing any one of the shape error 
the abnormality occurrence rale and the tool wear 
amount. 

[0060] For example, the same procedure as that of 
minimizing the machining period of time is applied to a 
case of minimizing the shape error. The portion different 
from the procedure of reducing the machining period of 
time will be described below. In the step ST203 of Fig. 
7. taking the estimated state of load into consideration, 
the adaptive control behavior is simulated, and at the 
same time, the shape error is estimated. In this example, 
the relational expression ? (T) of the load T and the 
shape error e is given in advance, and the shape error 
is estimated by using that function. It is assumed that 
the functional expression e (T) is. for example, 

e (T) = T/Kr (4) 

where Kr is the rigidity of the tooL and the deflection of 
the tool depending on the load is taken into considera- 
tion. The argument of the relational expression e may 
be the machining conditions or the both of the load and 
the machining conditions. Further in the above exam- 
ple, the deflection of the tool is taken into consideration. 
Besides this, the shape error in the arcuate shape due 
to a delay of the servo system or an acceleration/decel- 
eration filter the cusp height detemnined by the feed per 
teeth and the tool radius, and the like, can be taken into 
consideration. In addition, in the step ST206 of Fig. 7, 
the adaptive control characteristics that the shape error 
becomes smallest is selected. 

[0061 1 Similarly, a case of minimizing the abnormality 
occurrence rate will be described. The substantially 
same procedure as that of minimizing the machining pe- 
riod of time is applied to the case of minimizing the ab- 
normality occurrence rate. Hereinafter a portion differ- 
ent from the procedure of reducing the machining period 
of time will be described. In the step ST203 of Fig. 7, 
taking the estimated state of load into consideration, the 
adaptive control behavior is simulated, and the abnor- 
mality occurrence rate is estimated. The abnormality oc- 



currence rate p (T) is difficult to model mathematically, 
and may be given by some experiential expression. In 
addition, in the step ST206 of Fig. 7. the adaptive control 
characteristics smallest in the abnormality occurrence 

5 rate is selected. 

[0062] Similarly, a case of minimizing the tool wear 
amount will be described. The substantially same pro- 
cedure as that of minimizing the machining period of 
lime is applied to the case of minimizing the tool wear 

10 amount. Hereinafter a portion different from the proce- 
dure of reducing the machining period of time will be de- 
scribed. In the step ST203 of Fig. 7, taking the estimated 
state of load into consideration, the adaptive control be- 
havior is simulated, and the tool wear amount is estimat- 

15 ed. For example, it is assumed that the tool wear amount 
W is determined by the following expression. 

W = / w(T.V) dt (5) 

20 

where w (TV) is the tool wear amount per a unit time, 
which is the experiential expression determined by the 
load T and the cutting speed V. The tool wear amount 
W can be obtained by integrating w by a time. In addi- 
^5 tion, in the step ST206 of Fig. 7, the adaptive control 
characteristics smallest in the tool wear amount is se- 
lected. 

[0063] As described above, any one of the shape er- 
ror, the abnormality occurrence rate and the tool wear 

30 amount can be minimized. 

[0064] Further, in the above description, the optimum 
adaptive control characteristics are determined from alt 
of options selectable by the adaptive control portion 1 03. 
However, only a part of items (for example, the feed rate 

35 adaptive control on/off) may be determined by the ma- 
chining information determination portion 1 02, and other 
items may be fixed, selected by an operator or depend 
on the initial setting of the adaptive control portion 103. 
[0065] Furthermore, in the above description, all of 

40 the adaptive control characteristics are exhaustively 
checked, and the optimum candidate is searched. As 
another method, a rule for obtaining the optimum adap- 
tive control characteristics can be made into a knowl- 
edge base on the basis of the machining contents or the 

^5 data stored in the machining data base so that the op- 
timum solution can be obtained by reasoning. In this 
case, know-how of the skilled men which are difficult to 
make numeric values can be included therein. The fol- 
lowing are examples of the rule. 

50 [0066] In case of machining a deep hole, the autono- 
mous (adaptive) pecking turns on so that the drill cycle 
is selected. 

[0067] In case of asmaft-diametertool, all of the adap- 
tive controls turn off so that the feed rate is reduced to 
55 the half of the normal feed rate. 
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THIRD EMBODIMENT 

[0068] Fig. 9 is a blocl< diagram showing the structure 
of a machining control system in accordance with a third 
embodiment of the present invention. In the figure, ref- 
erence numeral 301 denotes tool characteristics and 
workpiece characteristics. Since the other stmctural el- 
ements are identical with that shown in Fig. 1 or 5, their 
description will be omitted. 

[0069] The adaptive control portion 103 analyzes at 
least one of the tool characteristics and the workpiece 
characteristics from the cutting load observed by ma- 
chining and the machining conditions, and updates at 
least one of the tool characteristics and the workpiece 
characteristics with respect to the machining data base 
101. 

[0070] In the method of analyzing the tool character- 
istics and the workpiece characteristics, assuming that 
only the hardness H of the workpiece is unknown or un- 
certain data, and other values are known or reliable in 
the relational expression given by, for example, the ex- 
pression (1). H is represented by the following expres- 
sion (6). 

H = T/{K{i^6i+D^66)} (6) 

[0071] In general, if H is obtained by a least square 
method from a plurality of measurement values with the 
unknown values as parameters, the influence of the 
measurement error contained in the load T or the like 
can be reduced. 

[0072] As described above, according to this embod- 
iment, since the same effects as those obtained in the 
above first and second embodiments are obtained, and 
unknown or uncertain data within the machining data 
base can be learned on the basis of the machining re- 
sult, the optimum machining is conducted depending on 
the actual machining environment, and the labor of set- 
ting the data within the machining data base can be re- 
markably reduced. 

FOURTH EMBODIMENT 

[0073] The machining data base 101 and its applica- 
tion were described in the first and second embodi- 
ments. In addition, tools are classified into a tool (or a 
workpiece) now used, a tool (or a workpiece) of the 
same lot as that of the tool now used and all of tools (or 
workpieces) of the same kind of that of the tool now 
used, and the data is retained, thereby being capable of 
expecting the more reduction of the machining period of 
time and the higher reliability. In the example, the defi- 
nitions of the above terms are defined as follows: 
[0074} Tools which are now used D01 : 

The real tools now used for machining. 
[0075] Tools of the same lot as that of the tool now 
used D02: 



Tools manufactured as the same lot as that of the 
real tool now used for machining. 

Of course, the tool is of the same kind (tool model 
No., model name or the like) 
5 [0076] All of tools of the same kind as that of the tool 
now used 003: 

The tool of the same kind as that of the real tool 
now used for machining. 

In general, the tools are manufactured as a differ- 
10 ent lot. 

[0077] Workpieces now used D10: 

The workpieces which are now used for machin- 
ing. 

[0078] Workpieces of the same lot as that of the work- 

'5 piece now used D20: 

Workpieces manufactured as the same lot as that 
of the real workpiece now used for machining. 

Of course, the workpiece is of the same kind 
(workpiece model No. (S45C) or the like). 

20 [0079] All of workpieces of the same kind as that of 
the workpiece now used D30: 

The workpiece of the same kind as that of the real 
workpiece now used for machining. 

In general, the workpiece is manufactured as a dif- 

25 ferent lot. 

[0080] Fig. 10 shows an example of the data base 
structured in accordance with the above classification. 
In the figure, the tools and workpieces are classified into 
9 in total in accordance with the respective three clas- 

30 sifications of the tools and the workpieces. 

[0081] In case of utilizing the data base structure, the 
machining information determination portion 102 direct- 
ly refers to data D11 pertaining to the tools now used 
and the workpieces now used. In case of changing the 

35 tools, however data of D11, D21 and 031 becomes 
invalid and data is copied from D12, D22 and 032, re- 
spectively. Further, if the lot of the tool now used chang- 
es over, the data of 012, 022 and 032 becomes invalid 
and data is copied from D13, 023 and 033, respectively. 

40 The same is applied to a case where the workpieces are 
exchanged and a case where the lot of the workpiece 
changes over. 

[0082] On the other hand, what updates the result an- 
alyzed from the machining result described in the third 

45 embodiment is basically Oil , and at the same time, all 
other data may be updated. For example, data of D21 
IS a tool now used, and the data common to the work- 
piece of the same lot as that of the workpiece now used. 
However, for the purpose of storing the analyzed result, 

50 the mean value of the data which satisfies that condition 
may be stored. Accordingly, newly analyzed data is in- 
cluded in 021 , and the data that satisfies that condition 
is subjected to statistics (for example, a mean value is 
obtained) and retained. It is needless to say that in order 

55 to execute the above, all the data corresponding to D21 
and the intermediate value which has been subjected to 
statistics (the number and the total of data correspond- 
ing to 021) have to be further retained within the ma- 
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chining data base 101 or the like. 
[0083] In the above description, the tools and the 
workpieces are classified into three, respectively. How- 
ever, forexannple. in the case where the workpieces are 
not changed, a difference in the characteristics between 
the respective workpieces is small, an influence of the 
difference in the characteristics between the respective 
workpieces on the machining is small, or the like, it is 
unnecessary that the workpieces are classified and only 
the tools are classified. Likewise, in the case where the 
tools are not changed, a difference in the characteristics 
between the respective tools is small, an influence of 
the difference in the characteristics between the respec- 
tive tools on the machining Is small, or the like, it is un- 
necessary that the tools are classified and only the work- 
pieces are classified. In these cases, a memory to be 
used is remarkably deleted. 

[0084] Further, in the above description , the tools and 
the workpieces are classified into three, respectively. 
However it is needless to say that the tools and the 
workpieces are classified into only two. respectively, or 
more subdivided into N (N is a natural number of 4 or 
more); depending on the management circumstance of 
the tools or the workpieces at an actual machining loca- 
tion. 

[0085] As described above, according to this embod- 
iment, the tools are classified into tools (or workpieces) 
now used, tools (or workpieces) of the same lot as that 
of the tool now used and all of tools (or workpieces) of 
the same kind of that of the tool now used, and the data 
is structured and retained, thereby being capable of re- 
ducing the machining period of time and enhancing the 
reliability. In particular, in a process after the tools have 
been exchanged or the workpieces have been ex- 
changed which will be described later the above data 
structure has an importance that means for reducing the 
machining period of time and enhancing the reliability is 
provided. 

FIFTH EMBODIMENT 

[0086] Fig. 11 is a block diagram showing the struc- 
ture of a machining control system in accordance with 
a fifth embodiment of the present invention. In the figure, 
reference numeral 501 denotes a tool exchange signal, 
502 is a tool lot changeover signal, 503 is a present tool 
data initializing signal, and 504 is a present lot tool data 
initializing signal. Since other structural elements are 
identical with those in Fig. 1 , 5 or 9, their description will 
be omitted. 

[0087] First, the initializing operation at the time of tool 
exchange or tool lot changeover will be described. 
[0088] An operator, a peripheral-device managing 
unit, a tool exchange device, a tool management device, 
an external control device (all not shown) or the like 
gives a tool exchange signal 501 to the machining infor- 
mation determination portion 102 if the tools are ex- 
changed. Upon receiving this signal, the machining in- 



formation determination portion 102 commands a 
present tool data initializing signal 503 to the machining 
data base 101. Upon receiving this signal, the machin- 
ing data base 101 erases data related to the tools now 

5 used (D11. D21 and D31 in Fig. 10), and if the lot is not 
changed over, the data is copied from data related to 
the tools of the same lot as that of the tools now used 
(D12, D22 and D33 in Fig. 10). Conversely, if the lot is 
also changed over the data is copied from all of the tools 

10 of the same kind as that of the tool now used (D13. D23 
and D33 in Fig. 10) 

[0089] Further, the operator, the peripheral-device 
managing unit, the tool exchange device, the tool man- 
agement device, the external control device (all not 

15 shown) or the like gives the lot changeover signal 502 
to the machining information determination portion 102 
if the lot is changed over. Upon receiving this signal, the 
machining information determination portion 102 com- 
mands the present lot tool data initializing signal 504 to 

20 the machining data base 101. Upon receiving this sig- 
nal, the machining data base 1 01 erases data related to 
the tools of the same lot that of the tools now used (D1 2, 
D22 and D32 in Fig. 10), and instead, the data is copied 
from all of the tools of the same kind as that of the tool 

25 now used {D13, D23 and D33 in Fig. 10). 

[0090] Subsequently, the initial machining condition 
detemiining method immediately after the tools have 
been exchanged or the tool lot has been changed over 
will be described. First, in the case where the tool lot is 

30 not changed over immediately after the tool has been 
exchanged, after the above -described initializing oper- 
ation has been conducted, the machining information 
determination portion 102 acquires data related to the 
tools now used and the workpieces now used from the 

35 machining data base 101. At this time, since the data 
(D11 in Fig. 10) is initialized, the data Is identical with 
the data (D1 2 in the f igu re) related to the tool of the same 
lot as that of the tools now used and the workpieces now 
used. In addition, after or in the determination of the ma- 

40 chining condition in accordance with the method de- 
scribed in the first or second embodiment, the machin- 
ing conditions such that the expected cutting load (the 
machining state) does not exceed the cutting load target 
value (the machining state target value) taking the var- 

45 iation of the tool characteristics stored in the machining 
data base 1 01 into consideration is obtained. For exam- 
ple, in the above-described expression (3), a feed rate 
P is newly obtained in accordance with the following ex- 
pressions (7) and (8) taking the variation o (>0) of K 

50 among the tool characteristics into consideration. 

P=rxSo (7) 

55 

V = (Topt/(H-(K+o))-D^d)^(1/df) (8) 
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[0091] The variation a is set in the machining data 
base 1 01 in advance or the machining result Is analyzed 
and set in the machining data base 1 01 . 
[0092] As described above, according to this embod- 
iment, in thecase wherethe machining is conducted first 
after the tools have been exchanged, since the machin- 
ing information determination portion 102 obtains the 
machining condition such that the expected machining 
state does not exceed the machining state target value 
taking the characteristics common to the tools of the 
same lot or the same kind and a variation in the charac- 
teristics of the tools Into consideration, and the initial 
machining conditions are determined with the above 
machining conditions. Therefore, even if the tools have 
been exchanged, the data of the tools of the same lot 
or the same kind which is stored in the machining data 
base is effectively utilized, thereby being capable of de- 
termining the initial machining condition safe and high 
in the efficiency. 

SIXTH EMBODIMENT 

[0093] In the fifth embodiment, the method of Initializ- 
ing the machining data base after the tools have been 
exchanged and determining the initial machining condi- 
tions in the machining information determination portion 
102 is described. It Is apparent that the entirely same 
process can be conducted even after the workpieces 
have been exchanged. That is, even if the workpieces 
have been exchanged, the data related to the workpiec- 
es now used and the data related to the workpieces of 
the same lot as that of the workpieces now used are 
initialized, and the machining conditions such that the 
expected cutting load (the machining state) does not ex- 
ceed the cutting load target value (the machining state 
target value) is obtained taking the variation of the work- 
piece characteristics into consideration, 
[0094] As described above, according to this embod- 
iment, in the case wherethe machining Is conducted first 
after the workpieces have been exchanged, since the 
machining information determination portion 102 ob- 
tains the machining conditions such that the expected 
machining state does not exceed the machining state 
target value taking the characteristics common to the 
workpieces of the same lot or the same kind and a var- 
iation in the characteristic of the workpieces into consid- 
eration, and the initial machining condition is determined 
with the above machining conditions. Therefore, even if 
the workpieces has been exchanged, the data of the 
workpieces of the same lot or the same kind which is 
stored in the machining data base is effectively utilized, 
thereby being capable of determining the initial machin- 
ing conditions safe and high In the efficiency. 

SEVEfMTH EMBODIMENT 

[0095] Fig. 1 2 is a block diagram showing the struc- 
ture of a machining control system in accordance with 



a seventh embodiment of the present invention. In the 
figure, reference numeral 701 denotes a re-determina- 
tion request signal, and 702 are assumed tool charac- 
teristics and assumed workpiece characteristics. Since 

5 other structural elements are Identical with those in Fig. 
1 , 5, 9 or 11 , their description will be omitted. 
[0096] In the figure, before the machining, the ma- 
chining information determination portion 102 transmits 
the initial machining conditions 107 and transmits the 

10 tool characteristics and the workpiece characteristic re- 
ferred to In determination of the initial machining condi- 
tions 107 to the adaptive control portion 103 as the as- 
sumed tool charactehstics and workpiece characteris- 
tics 702. 

'5 [0097] The adaptive control portion 103 retains the 
assumed tool characteristics and workpiece character- 
istics 702 transmitted from the machining Information 
detemnination portion 102. During the machining, the 
adaptive control portion 1 03 conducts the adaptive con- 
trol, analyzes the tool characteristics and the workpiece 
characteristics and compares this result with the as- 
sumed tool characteristics and workpiece characteris- 
tics 702- If they are greatly different from each other, It 
is judged that abnormality occurs, and the tool charac- 

^5 teristics and workpiece characteristics 301 are transmit- 
ted to the machining data base 101 to be updated. Fur- 
ther, the re>determinatlon request signal 701 that means 
that at least the machining conditions and the adaptive 
control characteristics as occasion demands are re- 

30 quired to be re-delermined is transmitted to the machin- 
ing infomnation determination portion 102. Upon receiv- 
ing this signal, the machining information determination 
portion 1 02 re-determines at least the machining condi- 
tions and the adaptive control characteristics as occa- 

35 sion demands on the basis of the contents of the ma- 
chining data base 101 which has been already updated 
at that time and transmits the re-determined result to the 
adaptive control portion 103. The adaptive control por- 
tion 1 03 conducts the adaptive control on the basis of 

40 the Initial machining conditions and the adaptive control 
characteristics. 

[0098] Therefore, even in the case where an abnor- 
mality occurs due to a change in the machining environ- 
ment, the tool characteristics and the workpiece char- 

45 acteristics which are analyzed in real time during the 
machining are compared with the assumed tool charac- 
teristic and workpiece characteristic, thereby being ca- 
pable of detecting the abnormality. In addition, at least 
the machining conditions and the adaptive control char- 

50 acteristics as occasion demands are re-determined on 
the basis of the analyzed tool characteristics and work- 
piece characteristics, thereby being capable of continu- 
ing the machining while preventing the abnormality. 
[0099] In the above description, the abnormality is 

55 prevented after the abnormality has been detected. It is 
needless to say that it is sufficiently effective that the 
machining is Interrupted as an alarm and only a mes- 
sage indication and the lighting of an abnormal lamp are 
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conducted at the stage where the abnormality is detect- 
ed. In addition, in this state, if a method to avoid abnor- 
mality is shown to the operator so that the machining is 
interrupted by the judgement of the operator or the 
method to avoid abnormality is applied to continue the 
machining, the safety is higher and the effect is high. 
[0100] As described above, according to this embod- 
iment, the adaptive control portion 103 judges that the 
abnormality occurs If the tool characteristics and the 
workpiece characteristics which are referred to in deter- 
mination of the machining conditions in the machining 
Infomiation determination portion 1 02 are largely differ- 
ent from the tool characteristics and the workpiece char- 
acteristics which are analyzed in the adaptive control 
portion 103, respectively, and updates at least one of 
the information of the tool characteristics and the work- 
piece characteristics with respect to the machining data 
base. Also, the machining Infomnation determination 
portion re-determines the adaptive control characteris- 
tics and the machining conditions. Therefore, since the 
abnormality can be detected and prevented, the ma- 
chining safe and high in reliability can be conducted. 
[0101] The efficiency and the reliability can be im- 
proved. 

[0102] Since the machining control system of the 
present invention comprises a machining data base for 
storing information necessary for determining initial ma- 
chining conditions, machining information determining 
means for obtaining the initial machining conditions on 
the basis of the information stored in the machining data 
base and In accordance with adaptive controf charac- 
teristics defined by adaptive control modes and adaptive 
control parameters and adaptive control means for con- 
trolling the machining in an appropriate state by chang- 
ing the machining conditions in accordance with the ma- 
chining states observed during the machining with the 
Initial machining conditions as an initial value of the ma- 
chining conditions, the efficiency and the reliability can 
be further improved. 

[0103] The machining data base may store therein in- 
formation on tool characteristics, workpiece character- 
istics, relational expressions of the machining states to 
the tool characteristics/the workpiece characteristics 
and the machining conditions, standard machining con- 
ditions and machining state target values. Because the 
Initial machining conditions are detemiined In accord- 
ance with those various kinds of infomiation and the 
adaptive control characteristics, the efficiency and the 
reliability can be further improved. 
[0104] In the case where there are a plurality of se- 
lectable adaptive control characteristics, the machining 
information determining means may select the adaptive 
control characteristics such that any one of a machining 
period of time, a shape error, an abnormality occurrence 
rate and a tool wear amount becomes minimum among 
the plurality of adaptive control characteristics, and de- 
termines the initial machining conditions suitable for the 
adaptive control characteristics selected. Since the op- 



timum adaptivecontrol characteristics and the initial ma- 
chining conditions are determined together, the efficien- 
cy and the reliability can be further improved. 
[0105] The adaptive control means may analyze at 

5 least one of the tool characteristics and the workpiece 
characteristics on the basis of the machining states that 
Is observed through the machining and the machining 
conditions, and updates at least one of the information 
of the tool characteristics and the workpiece character- 
istics which are retained in the machining data base. Be- 
cause unknown or uncertain data within the machining 
data base is learned on the basis of the machining re- 
sults, the optimum machining is conducted in accord- 
ance with the actual machining environment, and the 

'5 troublesomeness of setting the data within the machin- 
ing data base can be remarkably reduced. 
[0106] The machining data base may be structured 
by characteristics inherent to the tools and the workpiec- 
es now used, characteristics common to the tools and 

20 the workpieces of the same lots as those of the tool and 
the workpiece now used, and characteristics common 
to all of the tools and the workpieces of the same kinds 
of the tools and the workpieces now used. Since the 
tools are classified into the tools (or workpieces) now 

25 used, the tools (or the workpieces) of the same lot as 
that of the tools now used and all of the tools (or the 
workpieces) of the same kind of that of the tools now 
used, and the data is retained, a reduction in the ma- 
chining period of time and the higher reliability can be 

30 expected. 

[0107] In the case where the machining is conducted 
first after the tools have been exchanged, the machining 
information determining means may obtain the machin- 
ing condition such that the expected machining state 

35 does not exceed a machining state target value taking 
the characteristic common to the tools of the same lot 
or the same kind and a variation In the characteristic of 
the tools into consideration which are stored in the ma- 
chining data base, and the machining conditions are de- 

40 termined as the initial machining conditions. Even if the 
workpieces have been exchanged, the data of the work- 
pieces of the same lot or the same kind which Is stored 
in the machining data base is effectively utilized, thereby 
being capable of detemnlning the initial machining con- 

4s ditlons safe and high in the efficiency. 

[0108] In the case where the machining Is conducted 
first after the workpieces has been exchanged, the ma- 
chining information determining means may obtain the 
machining conditions such that the expected machining 

so state does not exceed a machining state target value 
taking the characteristics common to the wori<pieces of 
the same lot orthe same kind and a variation in the char- 
acteristic of the workpieces Into consideration which are 
stored In the machining data base, and the machining 

S5 conditions are determined as the initial machining con- 
ditions. Even if the workpieces have been exchanged, 
the data of the workpieces of the same lot or the same 
kind which is stored in the machining data base is effec- 
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tively utilized, thereby being capable of determining the 
initial machining conditions safe and high in the efficien- 
cy. 

[0109] The adaptive control means mayjudge that the 
abnormality occurs if the tool characteristics and the 
workpiece characteristics which are referred to in deter- 
mination of the machining conditions in the machining 
information determining means are largely different 
from the tool characteristics and the workpiece charac- 
teristics which are analyzed in the adaptive control 
means, respectively, and updates at least one of the in- 
formation of the tool characteristics and the workpiece 
characteristics with respect to the machining data base, 
and the machining information determining means re- 
determines the adaptive control characteristics and the 
machining conditions to prevent the abnormality. In the 
case where an abnormality occurs due to a change in 
the machining environment, the tool characteristics and 
the workpiece characteristics which are analyzed peri- 
odically during the machining are compared with the as- 
sumed tool characteristics and workpiece characteris- 
tics, thereby being capable of detecting the abnormality. 
In addition, at least the machining conditions and the 
adaptive control characteristics as occasion demands 
are re-determined, thereby being capable of conducting 
the machining safe and high in reliability. 
[01 1 0] The foregoing description of the preferred errv 
bodiments of the invention has been presented for pur- 
poses of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form 
disclosed, and modifications and variations are possible 
in light of the above teachings or may be acquired from 
practice of the invention. The embodiments were cho- 
sen and described in order to explain the principles of 
the invention and its practical application to enable one 
skilled in the art to utilize the invention in various em- 
bodiments and with various modifications as are suited 
to the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims append- 
ed hereto, and their equivalents. 

Claims 

1 . A machining control system, comprising: 

a machining data base (101) for storing infor- 
mation necessary for determining initial ma- 
chining conditions; 

machining information determining means 
(102) for obtaining the initial machining condi- 
tions on the basis of the infomnation stored in 
said machining data base and in accordance 
with adaptive control characteristics defined by 
adaptive control modes and adaptive control 
parameters; and 

adaptive control means (1 03) for controlling the 
machining in an appropriate state by changing 



the machining conditions in accordance with 
the machining states observed during the ma- 
chining with said initial machining conditions as 
initial value of the machining conditions. 

5 

2. A machining control system as claimed in claim 1 , 
wherein said machining data base (101) stores 
therein information on tool characteristics, work- 
piece characteristics, relational expressions of the 
10 machining states to the tool characteristics/the 
workpiece characteristics and the machining condi- 
tions, standard machining conditions and machin- 
ing state target values. 

^5 3, A machining control system as claimed in claim 1 
or 2, wherein in the case where there are a plurality 
of selectable adaptive control characteristics (201), 
said machining information determining means 
(102) selects the adaptive control characteristic 

^0 (201) such that any one of a machining period of 

time, a shape error, an abnormality occurrence rate 
and a tool wear amount becomes minimum among 
the plurality of adaptive control characteristics 
(102), and detemnines said initial machining condi- 

^5 tions (107) suitable for said adaptive control char- 
acteristics selected. 

4. A machining control system as claimed in any one 
of claims 1 to 3, wherein said adaptive control 



30 means (1 03) analyzes at least one of the tool char- 
acteristics and the workpiece characteristics (301) 
on the basis of the machining states that is ob- 
served through the machining and the machining 
conditions, and updates at least one of the informa- 

35 tion of the tool characteristics and the workpiece 
characteristics which are retained in said machining 
data base. 

5. A machining control system as claimed in any one 
40 of claims 1 to 4. wherein said machining data base 
(1 01 ) is structured by characteristics inherent to the 
tools and the workpieces now used (D01, D10), 
characteristics common to the tools and the work- 
pieces of the same lots as those of the tools and the 
45 workpieces now used (D02, D20), and characteris- 
tics common to all of the tools and the workpieces 
of the same kinds of the tool and the workpiece now 
used (D03, D30). 

so 6. A machining control system as claimed in any one 
of claims 1 to 5, wherein in the case where the ma- 
chining is conducted first after the tools have been 
exchanged, said machining information determin- 
ing means (102) obtains the machining conditions 

55 such thatthe expected machining state does not ex- 
ceed a machining state target value taking the char- 
acteristics common to the tools of the same lot or 
the same kind and a variation in the characteristics 
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of the tools into consideration which are stored in 
said machining data base, and the machining con- 
ditions are determined as the initial machining con- 
ditions. 

5 

7. A machining control system as claimed in any one 
of claims 1 to 6, wherein in the case where the ma- 
chining is conducted first after the workpieces have 
been exchanged, said machining information deter- 
mining means (102) obtains the machining condi- io 
tions such that the expected machining state does 

not exceed a machining state target value taking the 
characteristics common to the workpieces of the 
same lot or the same kind and a variation in the 
characteristic of the workpieces into consideration '5 
which are stored in said machining data base, and 
the machining conditions are determined as the in- 
itial machining conditions. 

8. A machining control system as claimed in any one 
of claims 1 to 7, wherein said adaptive control 
means (103) judges that the abnormality occurs if 
the tool characteristics and the workpiece charac- 
teristics which are referred to in determination ot the 
machining conditions in said machining information 25 
determining means (102) are largely different from 

the tool characteristics and the workpiece charac- 
teristics which are analyzed in said adaptive control 
means (1 03), respectively, and updates at least one 
of the Information of the tool characteristics and the 30 
workpiece characteristics with respect to the ma- 
chining data base, and said machining Information 
determining means (102) re-determines the adap- 
tive control characteristics and the machining con- 
ditions to prevent the abnormality. 35 



40 



45 



50 



55 



14 



BNSDOCID <EP 11327B9A2_L> 



EP1 132 789 A2 



FIG. 1 



MACHINING 
DATA BASE 




101 



105 



102- 



MACHINING 
INFORMATION 
DETERMINATION 
PORTION 



INITIAL MACHINING ^qj 
CONDITIONS 
103 ~N 



ADAPTIVE CONTROL 
CHARACTERISTICS 



ADAPTIVE 
CONTROL PORTION 



CONTROL COMMANDS 
108 



104 



106 



FEEDBACK SIGNALS 
109 



] 



MACHINE TOOL 



BNSDOCID <EP. n327e9A2_l_> 



15 



EP 1 132 789 A2 



FIG. 2 



101 



TOOL CHARACTERISTICS 
df.dd.K 



L 



WORKPIECE 
CHARACTERISTICS H 



RELATIONAL EXPRESSIONS 
GO 



MACHINING STATE 
TARGET VALUES Topt 



T 



STANDARD MACHINING 
CONDITIONS FO.SO 



FIG. 3 



106 

^ 

fyl FEED RATE ADAPTIVE CONTROL 
' ' ON 

I I AUTONOMOUS (ADAPTIVE) PECKING 
' ' AT THE TIME OF CHIP JAMMING ON 



BNSDOCID: <EP 1132789A2_L> 



16 



EP 1 132 789 A2 



FIG. 4 







SPINDLE ROTATION SPEED=So 
FEED RATE=Fo 







ST102 



ST104 



SET LOAD 
TARGET VALUE 



ST103 




FALSE 


DECREASE FEED 




RATE 




( END ) 



1l32789A2_r_> 



17 



EP 1 132 789 A2 



FIG. 5 



MACHINING 
DATABASE 




101 



105 



102- 




MACHINING 
INFORMATION 
DETERMINATION 
PORTION 



INITIAL MACHINING 
CONDITIONS 

103^ 



■107 



-201 ADAPTIVE CONTROL 
CHARACTERISTICS 



ADAPTIVE 
CONTROL PORTION 



CONTROL COMMANDS 
108 



104 



-I 



FEEDBACK SIGNALS 
109 



MACHINE TOOL 



FIG. 6 



2011 



AUTONOMOUS 
(ADAPTIVE) 
PECKING AT THE TIME 
OF CHIP JAMMING OFF 



AUTONOMOUS 
(ADAPTIVE) 
PECKING AT THE TIME 
OF CHIP JAMMING ON 



FEED RATE 


FEED RATE 




ADAPTIVE 


ADAPTIVE 




CONTROL OFF 


CONTROL ON 








-^201 


CANDIDATE 1 


CANDIDATE 2 








-^-2012 


CANDIDATE 3 


CANDIDATE 4 


~2014 



2013 



18 



BNSDOCID- <EP. 



.1132789A2_L> 



EP 1 132 789 A2 



FIG. 7 



ST201 



( START ) 



SELECT ONE CANDIDATE OF THE 
ADAPTIVE CONTROL CHARACTERISTICS 



DETERMINE INITIAL 
MACHINING CONDITIONS 



ST202 



ESTIMATE MACHINING PERIOD OF TIME 
TAKING ESTIMATED STATE OF LOAD 
INTO CONSIDERATION 



ST203 



ST204 

'CHECK OF ALL^ 
CANDIDATES OF ADAPTIVE 
CONTROL CHARACTERISTICa, 
COMPLETED? 



FALSE 



ST205 



SELECT NEXT 
CANDIDATE OF 
ADAPTIVE CONTROL 
CHARACTERISTICS 





TRUE 


SELECT ADAP1 
CHARACTERIST 
MACHINING PE 


nVE CONTROL 
IC SHORTEST IN 
ERIOD OF TIME 







ST206 



( END ) 



19 



BNSOOCID: <EP_ 



_1 1327B9A2_L> 



EP 1 132 789 A2 




20 

BNSDOCID: <EP 1132789A2_L> 



EP 1 132 789 A2 



FIG. 9 



101 



MACHINING 
DATA BASE 



TOOL CHARACTERISTICS, 
WORKPIECE CHARACTERISTICS 



105 



102- 



MACHINING 
INFORMATION 
DETERMINATION 
PORTION 



INITIAL MACHINING 
CONDITIONS 

103-\ 



107 



-201 ADAPTIVE CONTROL 
CHARACTERISTICS 



ADAPTIVE 
CONTROL PORTION 



CONTROL COMMANDS 
108 

104 



301 




FEEDBACK SIGNALS 
109 



MACHINE TOOLS 



21 



BNSDCX:iD: <EP_ 



EP 1 132 789 A2 



ALL OF TOOLS OF 
THE SAME KIND AS 
THAT OF TOOL NOW 
USED (D03) 


D13 


D23 


D33 


TOOLS OF THE SAME 
LOTAS THAT OF 
TOOL NOW USED 
(D02) 


D12 


D22 


D32 


USE 
















TOOLS NC 

(D01 


o 


CM 

o 


CO 

O 




WORKPIECES 
NOW USED 
(D10) 


WORKPIECESOFTHE 
SAME LOTAS THAT OF 
WORKPIECE NOW 
USED (D20) 


ALLOFWORKPIECES 
OF THE SAME KIND AS 
THAT OF WORK PIECE 
NOW USED (D30) 



22 



EP 1 132 789 A2 



FIG. 11 



101 



MACHINING 
DATABASE 



TOOL CHARACTERISTICS. 
WORKPIECE 
CHARACTERISTICS 



TOOL EXCHANGE 
SIGNAL 



501 



105 



502 




503 
504 



TOOL LOT 
CHANGEOVER 

SIGNAL INITIAL MACHINING 
CONDITIONS 

103 



MACHINING 
INFORMATION 
DETERMINATION 
PORTION 



107 



102 



-201 ADAPTIVE CONTROL 
CHARACTERISTICS 



ADAPTIVE 
CONTROL PORTION 



CONTROL COMMANDS 
108 



104 



-1 



FEEDBACK SIGNALS 
109 



301 



MACHINE TOOL 



8NSDOCI0: <EP 1 132789A2_I_> 



23 



EP 1 132 789 A2 



FIG. 12 



101 



MACHINING 
DATA BASE 



105 



3 



TOOL CHARACTERISTICS, 
WORKPIECE 
CHARACTERISTICS 



102- 



MACHINING 
INFORMATION 
DETERMINATION 
PORTION 



INITIAL MACHINING CO NDITIONS 

107^::- 

702' 

ASSUMED TOOL 103- 
CHARACTERISTICS CONTROL 
AND WORKPIECE COMMANDS 
CHARACTERISTICS <^OMMANDS 

108 

104 



RE-DETERMINATION 
REQUEST SIGNAL 



ADAPTIVE 
CONTROL PORTION 



ADAPTIVE 
201 CONTROL 
CHARACTERI- 
STICS 



701 




FEEDBACK SIGNALS 
109 



301 



MACHINE TOOL 



24 



BNSDOCIO: <EP_ 



1132789A2 I > 



EP1 132 789 A2 



Q 
31 





2: 


DITIO 
TION 




LU 


:3 q: 


CO 


oo 


O 




rOMATI 


HINING 
ORAGE 


ZD 

<: 






iiNn 3Aiaa 



ixoioaiNoosixv 



•^1 



Noiiaod Bovyois 
wvaooyd on 




CNJ 
CNJN 



■ CO 




1. 



CO 
CSI 



lENT 








BLE 






LU 






LU C9 




TAR 










<r 






lONC 

1 11 ATI 






(DAT, 




lENT 












O 


LU 

Qc: o 










LU 
LU 
LU 


ct: 










O 


o 










o 


o 











5 o 

h- LU 

<: or 
o 
o 



CO 



oo 



25 



8NSDCX;iD: <EP. 



.1 132789A2_I_> 



EP 1 132 789 A2 



FIG. 14 



40 

( 

J 

MACHINING 

LOAD 
DETECTING 
MEANS 



42 



MACHINING 
CONDITION 
SETTING 

MEANS 



41 

-J:::^ 

STANDARD 
MACHINING 
LOAD DERIVING 
MEANS 



43 



TARGET LOAD 
CALCULATING 

MEANS 



FEED 
SPEED 
CONTROL 
MEANS 



44 



BNSDOCID: <EP 1 l327e9A2J_> 



26 



